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MORPHOLOGY AND DEVELOPMENT OF HATCHERY-CULTURED
AMERICAN SHAD, ALOSA SAPIDISSIMA (WILSON)I
JAMES R. JOHNSON2 AND JOSEPH G. LOESCH'
ABSTRACT
Morphometrics and meristics of larval A/osa sapidissima (Wilson) were examined and are described for
hatchery-reared samples. A/osa sapidissima morphometrics and body proportion ratios change with on-
togeny in the larval stages. Head and snout length, eye diameter, and body depth exhibit a curvilinear
relationship with increasing standard length, while preanal and predorsallength show a linear relationship
with increasing standard length.
Predorsal and preanal myomere counts decrease during ontogeny with corresponding anterior dorsal fin
migration and shortening of the gut. Other meristics indicate that median fin development is completed be-
tween 17 and 21 mm SL, while paired fin development is completed between 23 and 28 mm SL. A develop-
mental sequence of the various caudal fin components shows a distinction between preflexion, flexion, and
postflexioD larvae. The developments of hypurals and notochord flexure are important in distinguishing lar-
val and early juvenile stages of development.
Pigmentation shows a greater number and density of melanophores on cultured than field· sampled
specimens. Stellate melanophores are found to contract and migrate on cultured samples. A sequence of
pigmentation changes with ontogeny is described and compared with two sympatric species.
The American shad, Alosa sapidissima (Wilson), is a
commercially and recreationally important clupeid
commonly found in western North Atlantic coastal
waters from Newfoundland, Canada, to the St. Johns
River, Fla. (Hildebrand 1963; Scott and Crossman
1973; Chittenden 1969; Leim 1924; Watson 1968).
Life history studies of A. sapidissima have been
limited primarily to the juvenile and adult stages of
development (Carscadden and Leggett 1975; Chit-
tenden 1969; Leim 1924).
The sequence of egg development for A. sapidis-
sima has been adequately described by Hildebrand
(1963), Watson (1968), and Marcy (1976). Leim
(1924) described yolk-sac larvae and field-sampled
larvae up to 28 mm in length. Hildebrand (1963) de-
scribed yolk-sac larvae and briefly described the
larval development through the juvenile stage.
Mansueti and Hardy (1967), Lippson and Moran
(1974), and Jones et a1. (1978) all summarized the
early development of A. sapidissima. The approach
previously used to describeA. sapidissima appears to
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be the static technique, which describes a few larvae
over selected or sampled size ranges.
This paper describes the development of A.
sapidissima from yolk absorption through the
juvenile stage of development, using the dynamic
description approach of Moser and Ahlstrom (1970).
Special attention is given in this work to morphology,
meristics, and pigmentation; early caudal osteology
is examined from sequential samples and a sequence
of ossification is also described.
METHODS
Eggs were cultured in a flow-through system
designed by Blair (1976). Apparatus used in the sys-
tem included three to five 10-1 culture jars. A con-
stant flow rate was maintained into an open trough of
running water. The trough contained specially
designed baskets fitted with saran screen for holding
the newly hatched A. sapidissima. Larvae were se-
quentially sampled daily for the first 30 d, then week-
ly until the end of a lOO-d sampling period. Samples
were preserved by the method recommended by Berry
and Richards (1973), in 10% buffered Formalin4 •
Two developmental series of larvae were used.
Specimens in the first series were used for
morphometric data, pigment patterns, and larval il-
4Reference to trade names does not imply endorsement by the National Marine
Fisheries Service, NOAA.
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lustrations. Those in the second series were cleared
and counterstained by the method used by
Dingerkus and Uhler (1977) for meristic and caudal
osteology studies. Selected specimens in the first
series were subsequently used for staining in the sec-
ond series, after measurements, pigment patterns,
and illustrations were completed. Field specimens of
A. sapidissima were also examined by the coun-
terstaining technique.
Morphometries were taken by using an ocular mi-
crometer, calibrated to the nearest 0.1 mm, in a dis-
secting microscope and a dial caliper, calibrated to
the nearest 0.1 mm. Measurements follow closely
those of Houde et a1. (1974) and are described as
follows:
Total Length (TL): Tip of snout to end of caudal
finfold complex in yolk sac and preflexion larvae,
and to end of the longest superior procurrent
caudal ray in flexion and postflexion larvae.
Notochord-Standard Length (SL): Tip of snout to
tip of notochord in yolk sac, preflexion, and early
flexion larvae; tip of snout to base of hypural plate
in flexion and late flexion larvae; and tip of snout
to the point midway between the tenth superior
procurrent caudal ray and the first inferior caudal
ray in postflexion larvae and juveniles. Unless
otherwise noted in the text, all references to
lengths of larvae refer to standard lengths. The
use of this criteria for standard length measure-
ments is based on that set forth by Richards et
al. (1974).
Preanal Length (PAL): Tip of snout to end of anus
measured along the midline of the body. This
measurement is also used to describe the location
of the anal fin for specimens that have shown
development of the anal fin complex.
Predorsal Length (PDL): Tip of snout to break in
finfold for specimens in yolk sac or very early pre-
flexion stage of development; tip of snout to origin
of first dorsal ray measured along the midline of
the body for fish exhibiting dorsal fin develop-
ment. If dorsal rays were not evident, then
measurement was made at the origin of the first
dorsal radial bone.
Head Length (HL): Tip of snout to posterior margin
of auditory vesicle in yolk sac and early preflexion
larvae; tip of snout to posterior margin of oper-
cular membrane and bone when development
was evident.
Eye Diameter (HED): Horizontal diameter between
anterior and posterior edges of the fleshy orbit.
Snout Length (SNTL): Tip of snout to anterior
margin of fleshy orbit on the eye.
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Body Depth (BD): Vertical height of the body mea-
sured at origin of the first dorsal ray.
All morphometries were taken on the left side of the
fish body. Damaged specimens were not used; doubt-
ful measurements were eliminated from the study.
Meristics were taken from cleared and coun-
terstained flexion and postflexion specimens per the
methods of Berry and Richards (1973).
RESULTS
Morphology of Larvae
Morphometries for larval A. sapidissima are pre-
sented in Table 1. Alosa sapidissima body propor-
tions change during ontogeny with the most abrupt
changes occurring between 12 and 18 mm SL. HL,
SNTL, HED, and BD all exhibit curvilinear growth
with increasing SL. PAL and PDL exhibit linear
growth with increasing SL.
SL was used to examine development of A.
sapidissima with respect to the other morphometric
data. Inspection of Figure 1 and a high coefficient of
determination (r2 = 0.998) indicate a strong linear
relationship. SL length fluctuated between 97.5 and
92.4% of the TL for larvae measured. There were no
changes in the TL and SL relationship between 8 and
13 mm, where it remained at 96%. Changes in this
relationship were seen in the early postflexion stage
of development, between 18 and 23 mm (Table 1),
when the SL decreased from 97.2 to 95.7%. The SL/
TL ratio averaged 96.5% for larvae <15 mm and
95.5% for larvae 15-31 mm. The decrease in body
proportion for the SL/TL relationship is related to
caudal fin development, particularly notochord flex-
ure between 12 and 15 mm, along with development
of the first and second hypural plates.
PAL exhibited a steady decrease from 95% for 8
mm larvae to 65.4%for 31 mm larvae. Examination of
Figure 2, along with a high coefficient of determina-
tion (r = 0.969), also tends to indicate a linear
relationship. At 18 mm SL, where the PAL/SL ratio
is invariate, transformation occurs from the flexion to
postflexionstage. The major changes in this re-
lationship were seen between 23 and 27 mm TL (Ta-
ble 1). Over this TL range, the gut is shortened and
transformations to the postflexion stage became evi-
dent, which tends to account for the decrease in the
PAL and SL relationship.
PDL decreased with increasing SL (Table 1). There
appear to be three distinct size intervals at which the
PDL decreases (Fig. 3). The dorsal fin migrates for-
ward as dorsal rays develop and SL increases. This
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TABLE I.-Morphometrics (in mm) for larval American shad,Alosa sapidissima. x= Mean; SD = Standard deviation; R = Range; • = Miss-
ingvalues;·· = One value only; TL = Total length; SL = Standard length; PAL = Preanal length; PDL = Predorsallength; PPL = Prepelvic
length; HL = Head length; SNTL = Snout length; HED = Horizontal eye diameter; BD = Body depth.
Size
(mm) N Stat. TL SL PAL POL PPL HL SNTL HEO BO
8 8.64 8.38 7.55 '5.60 1.23 0.20 0.36 0.61
SO 0.174 0.212 0.230 0.086 0.026 0.033 0.055
R 8.40-8.90 8.10-8.70 7.25-7.95 1.15-1.32 0.15-0.23 0.31-0.40 0.51-0.70
39 9.64 9.31 7.65 ·6.24 1.37 0.20 0.40 0.61
SO 0.265 0.276 0.201 0.255 0.090 0.036 0.047 0.072
R 9.00-9.99 8.60-9.67 7.13-7.96 5.72-6.60 1.17-1.62 0.11-0.25 0.31-0.51 0.43-0.76
10 23 10.43 10.01 8.12 6.60 1.46 0.21 0.46 0.62
SO 0.360 0.340 0.196 0.152 0.114 0.059 0.053 0.109
R 10.00-10.97 9.50-10.60 7.81-8.57 6.30-6.94 1.25-1.71 0.11-0.32 0.33-0.55 0.52-0.83
11 16 11.36 10.97 8.79 7.09 '5.05 1.64 0.26 0.49 0.70
SO 0.284 0.298 0.251 0.183 0.566 0.130 0.045 0.031 0.076
R 11.02-11. 72 10.60-11.42 8.41-9.25 6.88- 7.38 4.65-5.45 1.40-1.81 0.19-0.36 0.43-0.51 0.58-0.85
12 12.49 12.05 9.52 7.63 "4.97 2.06 0.32 0.50 1.02
SO 0.242 0.246 0.313 0.287 0.073 0.025 0.024 O.ot8
R 12.17-12.71 11.78-12.28 9.55-10.28 7.25-6.00 1.96-2.10 0.30-0.36 0.46-0.52 1.01-1.05
13 13.51 13.00 10.99 8.25 "5.57 2.34 0.37 0.61 1.26
SO 0.325 0.707 0.594 1.089 0.332 0.099 0.014 0.071
R 13.28-13.74 12.50-13.50 10.57-11.41 7.48-9.02 2.10-2.57 0.30-0.44 0.60-0.62 1.21-1.31
14 14.24 13.65 11.40 8.76 5.58 2.40 0.44 0.71 1.31
SO 0.042 0.283 0.212 0.509 0.198 0.071 0.035 0.141 0.014
A 14.21·14.27 13.45-13.85 11.25-11.55 8.40-9.12 5.44-5.72 2.35-2.45 0.41-0.46 0.61-0.81 1.30-1.32
15 15.75 15.34 12.22 8.98 "6.57 2.90 0.54 0.76 "1.54
SO 0.099 0.148 0.134 0.078 0.014 0.085 0.071
A 15.68-15.82 15.23-15.44 12.12-12.31 8.92-9.03 2.89-2.91 0.48-0.60 0.71-0.81
16 4 16.46 16.05 12.60 9.20 *6.30 3.00 0.61 0.74 1.74
SO 0.191 0.130 0.092 0.114 0.445 0.065 0.021 0.045 0.130
R 16.24- 16.63 15.93-16.17 12.50-12.72 9.07-9.31 6.00-6.81 2.96-3.06 0.58-0.63 0.70-0.80 1.62-1.86
17 x 17.46 16.91 13.55 9.78 7.28 3.02 0.55 0.80 1.88
sn
A
18 18.28 17.77 13.58 9.75 7.19 3.57 0.68 1.01 1.98
SO
R
20 20.47 19.63 13.96 10.83 8.55 4.25 1.01 1.16 2.46
SO 0.134 0.417 0.028 0.544 0.382 0.070 0.028 0.064 0.148
R 20.37 -20. 56 19.33-19.92 13.94-13.98 10.44-11.21 8.28-8.82 4.20-4.30 0.99-1.03 1.11-1.20 2.35-2.56
21 21.05 19.44 13.58 9.40 4.21 1.11 1.33 2.39
SO 0.071 0.042 0.353 0.332 0.056 0.035 0.148 0.028
A 21.00-21.10 19.41-19.47 13.31-13.81 9.16-9.63 4.17-4.25 1.08-1.13 1.22-1.43 2.37-2.41
23 23.26 22.28 15.41 10.43 4.91 1.26 1.73 3.80
SO 0.127 0.537 0.290 0.184 0.276 0.226 0.184 0.163
R 23.17-23.35 21.91-22.66 15.20-15.61 10.30-10.56 4.71-5.10 1.11-1.42 1.60-1.86 3.68-3.91
24 24.28 23.13 15.00 11.41 5.62 1.33 1.75 4.04
SO
A
25 x 25.24 23.98 15.01 10.20 ··'0,08 5.83 1.43 2.15 5.02
SO 0.110 0.583 0.775 0.061 0.105 0.165 0.165 0.322
A 25.15-25.36 23.46-24.61 14.15-15.65 10.13-10.25 5.73-5.94 1.32-1.62 1.96-2.26 4.68-5.32
27 27.05 25.76 16.94 11.88 ··11.63 6.76 1.83 2.07 5.39
SO
R
28 28.34 26.61 17.39 12.60 12.46 6.76 1. 78 1.99 5.37
SO 0.104 0.079 0.371 0.051 0.157 0.157 0.090 0.055 0.570
R 28.27-28.46 26.52-26.67 16.99-17.72 12.54-12.64 12.28-12.57 6.64-6.94 1.73-1.88 1.94-2.05 4.83-5.97
29 x 29.54 28.17 18.57 12.22 12.17 6.61 1.55 1.86 5.46
SO 0.445 0.487 0.375 0.430 0.410 0.156 0.071 0.198 0.156
A 29.22-29.85 27.82-28.51 18.30-18.83 11.93-12.50 11.88-12.46 6.60-6.72 1.50-1.60 1.72-2.00 5.35-5.57
30 30.93 29.50 19.50 ··'2,91 12.60 6.65 1.99 2.11 5.90
SO
A
31 31.25 29.66 19.55 ··12.93 12.68 8.15 2.12 2.64 6.38
SO
A
Total 122
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FIGURE l.-Scatterplot of TL/SL for larval Alosa sapidissima. Regression equation:
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FIGURE 2.-Scatterplot of PAL/SL for larval Alosa sapidissma. Regression equation:
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.\ccounts for the decrease in predorsal body propor-
tions from 66.7 to 43.6% of the SL. This decrease is
reported to be common for clupeoid larvae (Ahlstrom
1968; Houde et a1. 1974; Jones et a1. 1978).
Larvae of A. sapidissima are relatively big-headed
in comparison to their thin nonrobust body in the pre-
flexion and flexion stages. Head development is
prominent in larvae between 8 and 11 mm. Five
branchial arches, jaws, and two pairs of recurved
teeth in the lower jaw were also evident in larvae this
size. HL averages 14.7% of SL between 8 and 11 mm
(Table 1).At 12 mm,HLincreases to 17.0% ofSL. An
increase of 1.2% is evident in the HL/SL relationship
9
for larvae 12-17 mm. HL increases from 20.1 to
27.5% of SL in larvae 18-31 mm.
The HL/SL relationship is not as obvious in late
flexion and postflexion larvae because the body has
become more robust. Examination ofFigure 4 at first
tends to indicate a linear relationship between HL
and SL. However, there appears to be a point in
Figure 4 at the transformation between the flexion
and postflexion stages (18 mm SL) where the HL/SL
relationship may exhibit allometric growth. Fitting
the data to the model for an allometric growth curve
(Sokal and Rohlf 1969) produced a higher coefficient
of determination (r = 0.992). Thus the HL/SL ratio
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FIGURE 4.-Scatterplot of HL/SL for larval Alosa sapidissima. Regression equation:
In (HL) = In 0.05 + 1.50 In (SL):r' = 0.992.
327
probably exhibits Ii positively allometric relation-
ship.
HED shows an allometric growth relationship with
SL. BothHED and SL were log-transformed to fit the
linear regression of these two morphometric
variables (Fig. 5). HED are variable for a given size
interval; at 23 mm SL they vary between 1.60 and
1.86 mm, and at 29 mm SL between 1.72 and 2.00
mm (Fig. 5). Most of the variability occurs between
19 and 31 mm SL, after the transformation from flex-
ion to postflexion larvae. Very little variation occurs
in the preflexion and flexion stages (6-18 mm SL).
SNTL appears to exhibit allometric growth with
respect to SL (Fig. 6). Both SNTL and SL were log-
transformed to fit a linear relationship between these
two variables. Snout lengths are variable for a given
size range in the postflexion stage, while very little
variation occurs within individual size ranges be-
tween 6 and 18 mm SL (Fig. 6).
BD exhibits allometric growth with respect to SL
(Fig. 7). Increases in BD indicate corresponding in-
creases in body weight and body volume. As the SL
and BD increase, the body shape becomes more
streamlined, changing from a thin rodlike shape to a
deep-bodied, streamlined shape inA. sapidissima.
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Myomeres
Myomere counts have been shown to be useful for
identifying clupeoid genera (Ahlstrom 1968; Houde
et al. 1974). The total number of myomeres ranged
from 54 to 58; most of the larvae had 55 or 56
myomeres. The number and distribution of myo-
meres relative to body morphology are shown in Ta-
ble 2.
The distribution ofmyomeres was examined in rela-
tion to predorsal and preanal body measurements.
Predorsal myomeres decreased in number with in-
creasing SL. Predorsal myomere counts decreased
TABLE 2.-Distribution of myomeres relative to other body mor·
phology for A/osa sapidissima larvae. N = Number of specimens
counted; x = Mean myomere counts; R = Range of myomere
counts.
Size Preanal Postanal Predorsal
interval myomeres myomeres myomeres
(mm SL) N R N R N R
8.0· 9.0 11 48.4 45·52 9 12.3 10·14 11 33.9 31-36
9.1·12.0 18 46.1 43·51 17 11.8 10-14 18 30.7 28-35
12.1-15.0 9 44.4 42·48 7 14.6 11·16 9 28.5 26-33
15.1·18.0 7 41.3 39-43 7 15.6 13·17 7 23.3 21-26
18.1-21.0 3 39.0 36·42 3 22.6 21-24
21.1-24.0 4 38.5 35·43 4 21.0 20-23
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from a mean of 33.9-21.0 for the larvae examined (N
= 52). Significant changes in predorsal myomere
counts were seen in the 12.1-18.0 mm SL size inter-
val (Table 2). There is, however, considerable varia-
tion in predorsal myomere counts for all size
intervals, as shown in Table 2.
Counts for preanal myomeres decreased with in-
creasing SL and decreasing PAL. There was a de-
crease in the mean number of preanal myomeres
from 48.4 to 38.5 for the larvae examined. This de-
crease parallels the shortening of the gut as the SL
increases.
The mean number of postanal myomeres increased
with the shortening of the gut and increasing SL. An
increase from a mean of 12.3 to 15.6 postanal
myomeres was evident for the larvae examined (N =
40; Table 2). No information is available in this study
for postanal myomere counts in larvalA. sapidissima
>18.0 mm SL.
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Fin Development
Median and paired fin development is indicated in
Tables 3 and 4 for both hatchery-cultured and field-
sampled specimens. A summary of the fin develop-
ment of cultured specimens is presented in Table 5.
Development of the median fins (dorsal, anal, and
caudal), including ossification of rays, is first evident
between 9.0 and 12.5 mm SL. Median fin develop-
ment is completed between 17 and 21 mm SL. Paired
fin development is not truly evident until larvae are in
the late flexion or early postflexion stages. Develop-
ment of the paired fins was complete when larvae
were between 23 and 27 mm SL (Table 5).
The dorsal fin exhibits the earliest development of
all fins. Dorsalfinradials first appear in larvae 8.0-9.0
mm SL (Table 5). Radials appear as buds and are not
fully developed at this stage.
The developmental sequence for the various com-
ponents of the caudal complex is described from the
FISHERY BULLETIN: VOL. 81, NO.2
first appearance of cartilaginous structures to a
gradual ossification and fusion of bones in the caudal
complex. The criteria used to place larvae into one of
the three larval stages of development are similar to
that described by Tucker (1978). Description of the
sequence of caudal complex development is based
on 19 selected counterstained specimens (Figs. 8,
9).
Larvae between hatch and 9.5 mm SL had a straight
notochord (no flexure) and showed no evidence of
any support structure development (hypurals, uro-
neurals, neural, or haemal spines) (Fig. 8A). Early
caudal fin development is evident in the late preflex-
ion stage in larvae 9.8-11.3 mm SL. The notochord is
straight, and one incipient parhypural and one to
three incipient hypurals have begun to develop (Fig.
8B). The hypurals and parhypural first appear
stained with Alcian Blue. There is some incipient
caudal fin ray development (Table 3).
Notochord flexure starts between 11.5 and 12.6 mm
TABLE 3.-Some fin meristics for larvalAlasa sapidissima cultured at USFWS Harrison Lake
National Fish Hatchery, Va.
Notochord Caudal rays
standard
length Dorsal Anal Pectoral PelviC Superior Superior Inferior Inferior
(mm) rays rays rays rays procurrsnt principal principal procurrent
Preflexion larvae
9.25 8
9.59 7
9.91 8
10.00 8
10.40 9
10.72 9
10.85 10
11.00 9
11.17 9
11.42 10 2
11.81 12 3 2
Flexion laNae
12.12 12 1 2 2 2
12.28 13 2 4 2 2
12.50 13 8 4 7 4
13.45 16 9 4 9 5
13.50 14 3 9 3
13.85 16 12 9
16.44 17 16 10 4 4
15.93 17 19 3 10 4 5
15.94 16 6 10
16.15 18 9 5 10 4 4
16.17 17 2 10 4 4
16.91 17 17 3 10 7
17.77 18 15 10 5
Poatflexion larvae
19.33 16 20 4 7 10 7 6
19.41 16 19 8 5 10 6 6
19.47 18 18 10 8 10 9 7
19.92 17 20 13 6 8 10 9 6
21.86 18 21 7 10 9 7
21.91 18 19 8 10 9 7
23.13 19 19 11 8 10 9 7
23.46 19 20 8 10 9 7
24.61 19 22 15 8 10 9 7
25.76 19 23 15 8 8 10 9 7
26.52 19 22 16 7 8 10 9 6
26.64 19 22 14 7 8 10 9 7
26.67 19 21 16 8 8 10 9 7
27.82 19 20 16 9 8 10 9 6
28.61 19 19 16 9 8 10 9 7
29.50 19 23 15 10 8 10 9 7
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TABLE 4.-Fin development meristics for postflexion (juvenile) A/osa sapidissima.
Standard Caudal fays
I.ng'h Dorsal Anal Pectoral Pelvic Superior Superior lnfer(or Inferior
(mml rays fays fays rays procurrent principal principal procurrent
26.5 19 22 15 9 8 10 9 6
26.8 18 23 14 9 8 10 9 7
27,4 18 23 15 9 8 10 9 7
28.2 19 22 16 9 8 10 9 7
28.4 19 22 18 9 8 10 9 6
28.5 19 22 17 9 7 10 9 6
28.6 17 23 17 10 7 10 9 7
28.8 18 23 17 8 7 10 9 6
29.0 17 17 9 6 10 9 7
29.1 18 22 14 8 7 10 9 7
29.2 17 21 18 9 7 10 9 7
29.3 18 20 14 8 8 10 9" 7
29.5 19 23 15 9 8 10 9 6
29.6 19 23 17 10 8 10 9 7
30.2 21 19 16 8 7 10 9 7
30.4 17 24 16 8 8 10 9 7
31.7 18 21 14 8 8 10 9 7
31.8 18 22 15 9 8 10 9 7
31.8 18 22 15 9 7 10 9 7
32.2 18 21 18 9 7 10 9 6
32.4 19 20 15 11 8 10 9 7
32.9 17 23 15 8 8 10 9 7
33.0 17 21 16 10 7 10 9 6
33.4 17 20 17 8 7 10 9 6
36,2 18 21 16 8 8 10 9 7
37.2 18 23 16 9 6 10 9 7
37.8 18 22 17 10 7 10 9 6
38,4 17 22 14 10 7 10 9 7
TABLE 5.-Summary of fin development sequence in larvae of A/osa sapid~,sima (Wilson).
Standard Jength,,2
Full No. r.v.
Buds Rays complement in fully
__F_in fi'_.'_•.:...pp.:...._.,_' fif_.'_•.:...pp.:...._., of_'...:.v.:.... d::..:8\I.:...8.IOP8d fins
Oo,s.1 8.0- 9.0 9.0- 9.3 17,0-20.0 17-20
Anal 11.0-11.7 11.8-12.5 19.0-21.0 19-23
Peclorsl 13.8-19.4 23.8-25.7 14-18
Pelvic 17.0-19.0 19.0-20.0 25.0-27.0 8-10
Caudal
Superior
procu".nl 12.0-12.5 19.0-20.0 7-8
Superior
principal 11.0-12.0 15.0-15.5 10
Inferior
principsl 12.0-12.5 19.0-19.5
Inferior
procu".n' 12.0-12.5 19.0-20.0 6- 7
I Rays were present but not necessarily ossified.
2Rays were stained blue or red for counting. (Blue = cartilaginous; Red = ossified bone.)
'Includes the radial and basipterygium bones.
·'ncipient fays are evident in volk~.ac larvae. but do not stain with A/cian Blue or Alizarin Red S.
SL, !lnd is completed by 18 mm SL. A specimen 12.1
mm SL exhibited the following characteristics of ear-
ly notochord flexure: The posterior end of the
notochord was beginning to tip up dorsally; one
parhypural and the first four hypurals were formed;
the anterior portion of the first, second, and third
hypurals and parhypural absorbed Alizarin Red S
stain, indicating that the structures were ossifying;
the fourth hypural and the posterior portion of the
first three hypurals and parhypural absorbed Aldan
Blue stain; a cartilaginous haemal spine was also evi-
dent in this specimen. Another specimen, 13.2 mm
SL, exhibited the following characteristics for a lar-
vae in midflexion (Fig. 8e): The posterior end of the
notochord was curved dorsally and then flattened in-
to an S shape; five hypurals were distinct, with
hypurals 1,2, and 3 absorbing Alizarin Red S in the
anterior portion of the structure; both haemal and
neural spines were present, absorbing both Alcian
Blue and Alizarin Red S stains; the first evidence of
the first uroneural appeared in this specimen.
Late flexion larvalA. sapidissima are characterized
by complete flexure of the notochord and evidence of
segregation into the uroneurals and ural vertebra
(Fig. 8D). A cartilaginous sixth hypural plate is also
evident. Two slightly fused epural bones are evident,
along with the first formation of the neural arch. Both
the neural arch and epurals appear as cartilage_
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A
Nc
Nc
Ph Hs
FIGURE S.-Development of the caudal fm osteology in larvalAlosa sapidissima. Fin rays are omitted to clearly show support osteology:
(A) Farlypreflexion, 9.2 mm; (B) late preflexion, 10.S mm; (e) flexion, 13.2 mm; (D) late flexion, 16.9 mm. Hy (1-6) = hypural plates; Ep
= epurals; U(1-2) = ural vertebra; Pu(l-2) = preural vertebra; Hs = haemalspine; Nc = notochord; Ur(1-2) = uroneurals; Ns =
neural spine; Ph = parhypural; Na = neural arch. Clear areas indicate uptake of Alizarin Red S (except for Nc in A, B, and C), while
stippled areas indicate uptake of Alcian Blue.
There appears to be a distinct cartilaginous fusion
between the haemal spine and the parhypural bones
(Fig.8D).
Postflexion larval and juvenileA. sapidissima show
complete separation between the ural and preural
vertebrae (Fig. 9). The hypurals, neural and haemal
spines, neural arch, and the epurals all absorbed
Alizarin Red Sand Alcian Blue stains. The epurals no
longer were fused. The third uroneural was stained
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with Alcian Blue. These structures do not appear to
completely ossify until well into the juvenile stage of
development. Afield-sampled specimen 48.0 mm SL
showed complete Alizarin Red S absorption in the
hypurals, ural and preural vertebrae, and the neural
arch. The neural and haemal spines and parhypural
exhibited proximal end absorption of Alcian Blue to
preural vertebrae 1-4. The two epural bones had ab-
sorbed Alcian Blue at both the anterior and posterior
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tips of the structures, with Alizarin Red S absorption
in the middle.
Pectoral fin development is evident at hatch in the
form of a pectoral fin fold and cartilaginous support
structures. Incipient pectoral fin rays are also evident
in yolk-sac larvae; however, these rays were outlined
under light microscopy (25X). Development of the
pectoral fin appears to be slow when compared with
the other fin development characteristics (Table 5).
There is a 5.6 mm range of SL over which cartilagi-
nous pectoral fin rays first absorb Alcian Blue stain.
The pelvic fin is the last of the five median and
paired fins to start and complete development (Ta-
ble 5). Pelvic fin development is first evident at the
transformation from flexion to postflexion larvae.
The pelvic fin basipterygium first appeared during
th;ls size interval.
Pigmentation
The distribution ofmelanophores onA. sapidissima
appears to be similar to that of other clupeid larvae
found in Chesapeake Bay tributaries and the western
North Atlantic. There is some variability in the
pigmentation patterns among individuals in any
given size interval; however, this variation is due in
FIGURE 9.-Caudal fin osteology of a postflexion (juve·
nile) A/osa sapidissima, 29.6 mm SL. Hy(l-6) = hypural
plates; Ep(I-2) = epurals; U(I-2) = ural vertebra;Pu(I-4)
= preural vertebra; Hs = haemal spine; Ur(I-2) =
uroneurals; Ns = neural spine; Na = neural arch; Ph =
parhypuraJ. Clear areas indicate uptake ofAlizarin Red S,
while stippled areas indicate uptake of Alcian Blue.
part to individual chromatophores and melano-
phores existing in a contracted or expanded state.
The specimens illustrated in Figures 10-13 indicate
the general pattern of pigmentation typical of the A.
sapidissima specimens cultured for this study.
Newly hatched A. sapidissima have very few
melanophores on the snout and over the brain. A
newly hatched specimen, 8.2 mm SL, had one stellate
melanophore on the tip of the snout and two others in
a straight line, spaced at equal intervals, toward the
anterior end of the eye. The eyes in this specimen and
all the specimens sampled were fully pigmented by
9.5 mm SL (Fig. lOA). Three to five melanophores
were present over the brain of a specimen 10.4 mm
SL (2 d after hatch), A small but distinct line of
melanophores is present above the yolk sac, over the
pectoral symphysis and heart, in specimens 9.3-10.5
mm SL (Fig. lOA).
The number of melanophores on the snout and
brain increases with increasing SL. A 10,9 mm SL
specimen (Fig. lOB) showed an increased number
and density ofmelanophores on the snout. A line pat-
tern of stellate melanophores is developed dorsally
from the snoutup the midline ofthe skull and over the
top of the brain in larvae 10.9-28.5 mm SL (Figs.
10B-13).
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FIGURE 10.-PreflexionAlosa sapidissima. A, 9.3 mm SL early preflexion larva; B, 10.9 mm SL late preflexion larva.
FIGURE 11.-PreflexionAlosa sapidissima. A, 12.7 mm SL early flexion larva; B, 15.8 mm SL midflexion larva.
FIGURE 12.-Early postflexionAlosa sapidissima, 18.2 mm SL.
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FIGURE 13.-PostflexionAlosa sapidissima. A, 23.4 mm 8L larva; B, 28.5 mm 8L larva.
The pigment pattern associated with the area pos-
terior to the fleshy orbit of the eye, and anterior to the
opercular, is variable. The density and number of
melanophores around the eye increased to -22 mm
SL. Larvae in the 15-18 mm SLrange exhibited most
of this pigment just posterior to the fleshy orbit of the
eyes, with no melanophores over the opercular bone
(Fig. 11). Larvae >20 mm (Fig. 13) exhibited distinct
melanophores extending from the fleshy orbit onto
the opercular bone. A substantial number of the
specimens examined >20 mm SL showed no in-
crease in the actual number of melanophores. In-
stead, this pigment appeared to migrate, and in some
cases contract, from the fleshy orbit of the eye onto
the opercular bone. Field-sampled specimens >28 mm
showed a reduced number and density of pigment
just posterior to the fleshy orbit of the eye and a more
concentrated number just anterior to the tip of the
opercular bone.
Preflexion A. sapidissima have a series of very
small, distinct melanophores along the dorsal surface
of the gut. These melanophores remained distinct on
the larvae to about 18 mm SL (Figs. 10-12). About 2 d
after hatch, pigmentation was evident on the ventral
surface of the gut. This pigment was in a dense pat-
tern of short dash-shaped melanophores that gave
the appearance of a solid line by 15 mm SL (Fig. 11).
After 15 mm SL, ventral gut pigmentation contracted
from a solid line pattern to a series of spaced
melanophores (Figs. 11, 12).
As larvae developed into the postflexion stage, gut
pigmentation became increasingly difficult to detect
because of the added body tissue and weight. Short-
ening of the gut, with increasing SL, is seen in con-
junctionwith the formation oflarger, distinct, stellate
melanophores along the dorsal gut surface (Fig. 12).
There is also a dense concentration of stellate
melanophores at the anus in postflexion and juvenile
A. sapidissima.
Pigment developed along the anal fin base at 15 mm
SL where one to three stellate melanophores were
found in a series of specimens 15-18 mm SL (Fig. 11).
The number of anal fin base melanophores increased
to between 14 and 20 for 18-20 mm SL larvae (Fig.
12). PostflexionA. sapidissima (Fig. 13) had -22-26
stellate melanophores in a straight-line pattern over
the radials of the anal fin. This line of pigmentation
was continuous from the anus, where a dense concen-
tration of melanophores was found, to the caudal
peduncle, where pigmentation associated with the
caudal fin was evident.
Pigment is found at the base of the dorsal fin over
the developing radials in 12 mm SL larvae. From zero
to five small dorsal fin melanophores were counted
on a series of 11.8-13 mm 8L specimens. The number
and density ofmelanophores associated with the dor-
sal fin increased as the fish grew and the dorsal fin
migrated forward. Larvae in the 15-18 mm SL range
have 10-19 stellate melanophores over the radials of
the dorsal fin (Figs. 11,12). Larvae >20 mm 8L have
a stellate melanophore directly over each radial of
the dorsal fin (Fig. 13); there are 20 radials with at
least one melanophore (more than one in most
specimens examined) at the base of the fin.
There is a continuous pair of pigmentation stripes
from the eye to the caudal peduncle along the dorsal
midline. The paired melanophores anterior to the
dorsal fin are distinct, appearing as two lines, while
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posterior to the dorsal fin the melanophores are still
paired, but coalesce into a single line.
Large stellate melanophores first appear on the
posterior end ofthe lateralline at 18 mm SL (Fig. 12).
Between 11 and 15 melanophores are evident during
this transition phase between flexion and postflexion
larvae. In some ofthe specimens examined, in the 18-
20 mm SL range, pigment was in pairs, one directly
above and one directly below the lateral line (Fig. 12).
Between 35 and 62 large stellate melanophores were
counted on specimens >20 mm SL along the lateral
line posterior to the dorsal fin.
Pigment first appeared as very small light chro-
matophores along the lateral line anterior to the dor-
sal fin and posterior to the opercular bone in
specimens 13-16 mm SL. These cells expanded into
distinct stellate melanophores in larger specimens
(Fig. 13A). The number of melanophores that could
be counted along the lateral line ranged from 7 to 23
in specimens 17.7-21.9 mm SL; more than 50 melano-
phores were counted for larvae >23 mm SL (Fig. 13).
Stellate melanophores in the large postflexion larvae
(>25 mm SL) contracted into small indistinguish-
able melanophores along the lateral line (Fig. 13B).
Newly hatched A. sapidissima had no pigment
associated with the notochord posterior to the anus
(Fig. lOA). Pigment first appeared on the dorsal tip of
the notochord at 9.8 mm SL with one to four small
melanophores. At 10.9 mm SL (Fig. lOB) pigment
was present as eight small melanophores on the dor-
sal tip and four small melanophores on the ventral tip
of the notochord.
Melanophores associatedwith the caudal region ap-
peared to have migrated toward the anus in larvae 11-
13 mm SL. The number and density ofmelanophores
concentrated at the end of the anus increased during
this length interval (Fig. lOA). Pigment still appeared
in the caudal region as larger, distinct stellate
melanophores; however, the number of melano-
phores remained fairly constant between three and
seven for larvae 11-13 mm SL.
Pigment density increased rapidly in the caudal
region in larvae >15 mm SL (Figs. 11-13). Melano-
phores migrated onto the developing caudal rays
from the caudal peduncle region, and large stellate
melanophores outlined the edge ofthe caudal pedun-
cle (Fig. 12).
Pigmentation reached its greatest density in larvae
23-25mmSL(Fig.13). Thenumberofmelanophores
increased and became more concentrated in post-
flexion andjuvenileA. sapidissima. Larvae >25 mm
SL exhibited contraction in size of caudal stellate
melanophores, which became difficult to distin-
guish individually.
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DISCUSSION AND CONCLUSIONS
Information pertaining to the morphology of larval
A. sapidissima presented herein reinforces the sum-
mary information presented in Mansueti and Hardy
(1967), Lippson and Moran (1974), and Jones et a1.
(1978). In addition, this study details the ontogenic
changes in body development that were previously
unavailable in the literature. The earliest studies on
A. sapidissima larval morphology by Leim (1924) and
Hildebrand and Schroeder (1928) reported morpho-
metric body proportions for selected sizes of larvae.
Recent studies on the early development of A.
sapidissima by Watson (1968), Chittenden (1969),
and Marcy (1976) presented results that adequately
describe the development and ontogenic changes
associated with egg and yolk-sac larvae develop-
ment.
The culture techniques employed in this study
(Blair 1976) provided adequate samples to describe
the morphological development of A. sapidissima
over the standard length range that was previously
void in the literature (yolk-sac absorption to the
postflexion stage). A complete description of mor-
phological development and body proportion ratios
is now available from hatch through the adult stage. A
combination of this study, Hildebrand (1963), Chit-
tenden (1969), and Marcy (1976), provides a synop-
sis of the morphology and development of the egg,
larva, and adult stages of A. sapidissima.
The range of preanal myomeres reported for
cultured larval A. sapidissima in the present study
varies slightly from that previously reported for A.
sapidissima (Mansueti and Hardy 1967; Lippson and
Moran 1974; Jones et a1. 1978). Mansueti and Hardy
(1967) reported 43-47 preanal myomeres up to 13
mm SL; Lippson and Moran (1974) reported 41-47
between 6 and 14 mm SL; Jones etal. (1978) report-
ed a range of 44-50 (i = 47) preanal myomeres be-
tween 9.0 and 12.9 mm SL. These myomere ranges
are lower than those determined in the present study
over comparable length ranges (Table 2).
Anterior myomeres can be difficult to discern inA.
sapidissima, because they are very crowded in the
early stages of development (Le., 8-10 mm SL range).
Care was taken in this study to intensify the
myomeres by immersing each larvae in glycerin.
Berry and Richards (1973) stated that myomere
counts can be distorted by crowding in the anterior
region; the use of glycerin appears to improve the
reliability of myomere counts.
Both this study and that of Mansueti and Hardy
(1967) report a decrease in preanal myomere count
with ontogeny and shortening of the gut, while main-
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taining the same range in total myomere number (Ta-
ble 2). Jones et a1. (1978) did not report a decrease in
preanal myomeres with shortening of the gut; rather
they indicated an increase in the mean number of
preanal myomeres. The information presented by
Jones et a1. (1978) is based on the work of Chambers
et a1. (1976), which compares the means and ranges
ofthe preanal myomeres for larval clupeids. Findings
of this study and information reported in Mansueti
and Hardy (1967) are different from that reported by
Chambers et a1. (1976). Difference in sample size
may explain the difference in results among the
studies. Larval A. sapidissima, cultured for this
study, exhibited a steady decrease in the PAL/SL
ratio and in the mean number of preanal myomeres.
These changes correspond with shortening of the gut
throughout the flexion stage of development.
Ahlstrom (1968) proposed the use ofdorsal fin posi-
tion (PDL), and the relative number ofand difference
between predorsal myomeres and preanal myo-
meres, as an accurate method of identifying clupeid
larvae. Predorsal myomere counts and ranges report-
ed herein trace the anterior migration ofthe dorsal fin
during ontogeny. The morphometric data in Tables 1
and 2 fulfill the previous information gap in accurate
identification of larval A. sapidissima.
The sequence of larval fin development and
developmental osteology of A. sapidissima has not
been extensively studied. Bigelow and Welsh (1925)
postulated that fin formation may be completed inA.
sapidissima by 20 mm SL. Nichols (1966) compared
the fin ray meristics of several populations ofjuvenile
A. sapidissima, and his results compare favorably
with this study in the number offin rays in cultured A.
sapidissima larvae and juveniles. The mean counts
in this study of dorsal (19), anal (21), and pectoral (16)
fin rays on cultured larvae and juveniles agree with
the means and frequencies of meristic counts made
by Nichols (1966) on juvenileA. sapidissima from the
York River, Va.
Leim (1924), Hildebrand (1963), and Jones et a1.
(1978) discussed the ventral pigmentation pattern
seen from yolk absorption to about 13 mm SL. In-
deed, this is one of the most important characteris-
tics in identification of larval A. sapidissima.
Ahlstrom (1968), however, pointed out that clupeids
can be difficult to identify unless precaution is taken
to note the sequence of changes in the larva. This is
especially true with respect to pigmentation in larval
A. sapidissima. Leim (1924) and Jones et a1. (1978)
noted that specimens from freshwater are more
heavily pigmented than those in brackish water. This
was confirmed in the present study by comparison of
field and cultured specimens oflarval A. sapidissima.
Pigmentation is heavier on the head and dorsal trunk
regions of freshwater cultured larvae than on native
brackish-water larvae.
The sequence of pigmentation described herein for
A. sapidissima larvae can be used to identify A.
sapidissima of freshwater origin, because the culture
method utilized freshwater. The pattern of ventral
pigment described by Leim (1924) should be used
when identifying larvae in the 10-13 mm SL range
from samples collected in brackish water. There is a
large amount of variability in the distribution of
melanophores in freshwater-cultured larvae; there-
fore, special care should be taken when attempting to
identify and confirm larval A. sapidissima collected
in freshwater. Additionally, meristic characters
should be used in conjunction with pigmentation pat-
terns to fully confirm identification of A. sapidissima
from freshwater samples.
Pigmentation patterns may be useful for separating
larval A. sapidissima from larval A. aestiualis and A.
pseudoharengus. Leim (1924) used the ventral
pigmentation pattern to separate A. sapidissima
from A. pseudoharengus. Chambers et a1. (1976)
noted that the ventral pattern of pigmentation was
similar for A. aestiualis andA. pseudoharengus. Ven-
tral pigmentation patterns and size differences can
be used to distinguish these species when they are in
the early preflexion and postflexion stages of
development. WhenA. sapidissima is in the early-to
midflexion stage and A. aestiualis and A. pseudo-
harengus are in the mid- to late-flexion stage, mis-
identification can occur between these species.
Morphometries presented herein (Tables 1-5) and
the work of Chambers et a1. (1976) could be used to
distinguish these species. Table 6 exhibits the
pigmentation characteristics that distinguish larval
A. sapidissima, A. aestiualis, andA. pseudoharengus.
Careful examination should be made of both the
pigmentation patterns (presented in Table 6) and
morphometric and meristic characteristics of each of
the three species to fully confirm the identification.
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TABLE 6.-Pigmentation summary for larval and juvenile A/osa sapidissima, and a comparison of distinguishing pigment characters with A.
aes/iva/is and A. pseudoharengus.
Development stage
and pigment area
Preflexjon larvae
Head region
Yolk-sac region
Notochord
Gut. trunk. and fin
regIon
Flexion lalVae
Head region
Paired and median
fins
Gut and trunk
region
American shad.
A/asa sapidissima
Eye completely pigmented (9.5 mm SL).
1-9 stellate melanophores on snout (10.72
mrn SL): 3·12 stellate melanophores on
brain (11.42 mm SL).
4-7 melanophores above yolk sac and over the
pectoral symphysis and heart (9.3 mm SL).
1-4 melanophores (9.8 mm SL).
33-38 small melanophores on dorsal surface
of gut (10.9 mm SL).
Increased melanophore density over eye,
snout, and opercular bone (16-34 stellate
melanophores around the eye; 13-15 mm
SL).
1-3 anal fin stellate melanophores (15-18 mm
SL). Dorsal fin; 0-5 melanophores (11.8-13
mm SL); 10-19 melanophores (15-18 mm
sq.
Pigments contract to a solid line after 15 mm
SL. Light chromatophores on lateral line (13-
16 mm SL).
Blueback herring,
A/osa aestiva/is
Eye completely pigmented (3.1-4.0 mm TL)l.
Chromatophores scattered on ventral surface
ofyolksac 1 .
Irregular chromatophores below pectoral fin;
melanophores, some stellate (5.1 mm TL)l; 4
ventral melanophores below pectoral fin (6.0
mmTL)'.
Increased melanophore density on snout;
scattered melanophores on head and oper-
culum (8.a-8.9 mm sq"
Double-line pigmentation at pectoral fin
(10.4 mm TL)'.
Small indistinguishable chromatophores on
anterior gut; large stellate melanophores on
posterior gut (8.8-a.9 mm SL)4.
Alewife.
A/osa pseudoharengus
Slightly pigmented at hatch (>4.82 mm TL)
fully pigmented (5.1 mm TL)'.
Scattered and irregular chromatophores (3-5
mmTL).
Transparent at hatch2; 2 chromatophores be-
low pectoral; 3-6 posterior to pectoral (3.2-
4.8 mm TL), generally sparce and irregular; 2
series of melanophores on each side of ven·
tral line.
Dense scattered meJanophores (9.0 mm TL)3
over snout and between the eyes.
3 melanophores below pectoral fin (6-10 mm
TL)1.2; melanophores more stellate on cau-
dal fin (9.0 mm TL).
12 melanophores on dorsal surface, anterior
gut (6 mm TL)1; 22 melanophores on ventral
surface. posterior gut (6 mm TL).l Posterior
anus pigmentation generally disappears2 (5-
9 mm TL).
Postflexion larvae and juveniles
Head region Paired pigment stripes from posterior orbit of
eye to caudal peduncle: very heavy pigment
around eye (> 18.2 mm SL).
Paired and median Anal fin: 14-20 stellate melanophores (18-20
fins mm SLj; 22-26 stellate melanophores (23-29
mm SL): >20 dorsal fin melanophore. (>20
mmSL).
Gut and trunk Dense concentration of stellate melanophores
region at anus; hard to distinguish lateral line; 7-23
melanophore. (17.7-21.9 mm sq: >50
melanophores 1>23 mm SL).
'Jones et al. (1978).
2Cianci (1969).
'Chamber. et al.(1976).
4Norden (1980).
Large scattered chromataphores araund eye
and over .noul(20.5 mm TL).
Large indistinguishable blotches of chro-
mataphares on caudal fin (45 mm TL).
Defined dorsal rows of melanophores (25.0
mmTL)l.
Dense pigment on snout and top of head (29·
47.5 mm Tl)'.
1 large expanded melanophore between pec-
toral fin bases (15 mm TL)(2.
Chromatophores increasing on dorsal lateral
surface between head and caudal fin (19.1-
32.2 mm TL) '.
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